The characteristics of seizures associated with parietal lobe epilepsy were investigated in six consecutive patients with medically intractable epilepsy due to parietal lobe lesions. Intracranial electrode recordings were retrospectively reviewed to investigate the seizure onset symptoms and spreading patterns associated with the disorder. All six patients underwent implantation of subdural or depth electrodes and subsequent video/electroencephalography monitoring. Common symptoms included motionless stare, contralateral eye deviation, and head turn. Tonic posturing, contralateral sensory disturbance, and motor weakness were also seen. Asymmetrical generalized tonic and clonic seizures were seen in all six patients. All seizure activities began in the parietal lobe harboring the lesions, and then spread immediately to the adjacent lobes in most seizures, where the clinical symptoms were produced. The parietal lobe is a pure generator of seizures, whereas most clinical symptoms originate from adjacent lobes following seizure onset. No apparent specific symptoms other than sensory disturbance arising from the parietal lobe proper were recognized. Regardless of clinical symptoms, the seizure onset occurred in the parietal lobe harboring the lesion.
Introduction
Parietal lobe epilepsy is relatively rare compared to temporal or frontal lobe epilepsy. 3) The clinical features of seizures of parietal lobe origin are not yet fully understood. 6, 16, 18) The parietal lobe occupies a relatively smaller volume of the brain than the temporal or frontal lobe, and is very closely connected with the adjacent lobes. The function of the parietal lobe is also more complex, which exacerbates the difficulty in understanding the symptoms of epilepsy of parietal lobe origin.
The present study reviewed six consecutive cases of medically intractable epilepsy of parietal lobe origin and investigated the seizure onset and spread patterns, as well as the electroencephalographic (EEG) patterns associated with seizure onset, such as spikes, sharp waves, fast activities, and the pattern of attenuation (i.e., flattening of the EEG). 2) 
Materials and Methods
Six consecutive patients with intractable parietal lobe epilepsy were treated by implantation of subdural electrodes followed by epilepsy surgery (Table 1 ). All patients had structural lesions in the parietal lobe, which were identified by magnetic resonance (MR) imaging.
Subdural electrodes were placed on the area over the lesion and the surrounding cortex. If lateralization of the ictal symptoms was uncertain and involvement of the temporal lobes was suspected, electrodes were also placed in the contralateral hemispheres and mesial temporal lobes. Depth electrodes were inserted into the bilateral temporal lobes in one patient. At least three or more habitual seizures were observed with video/EEG recording for each patient. Seizure onset was carefully identified by video and EEG monitoring. Attenuation of the EEG was defined as seizure activity characterized by diffuse, low-voltage, fast activity of º25 mV and frequently À15 Hz, or by diffuse flattening of the EEG without visible fast activity. 1) All patients underwent resection of the epileptogenic cortices and the lesion, if possible. The extent of cortical resection was determined by subdural electrode recording and cortical stimulation as well as intraoperative electrocorticography (ECoG). The 
Representative Cases
Case 2: A 12-year-old boy presented with a history of complex partial seizures since the age of 8 years. Habitual seizures included motionless stare, right eye deviation, and right head turn with rare generalized tonic-clonic convulsion. The phase I study revealed that his seizures involved predominantly the left hemisphere, and were mostly parieto-occipital lobes in origin. No attenuation of scalp EEG recordings was recognized. MR imaging revealed the presence of a porencephalic cyst in the left parieto-occipital region. The surrounding brain region was hyperintense on fluid-attenuated inversion recovery (FLAIR) images (Fig. 1) . No apparent hippocampal sclerosis was recognized. 8) The Wada test showed that the left hemisphere was dominant.
The patient underwent phase II video/EEG monitoring with subdural electrodes. Three of four recorded habitual seizures originated in the cortex of the left parieto-occipital lobe, which included the medial border of the porencephalic cyst, and one seizure originated in the mesial parietal cortex adjacent to the porencephalic cyst, although the clinical presentation was the same as for the seizures of lateral parietal onset (Fig. 2) . Two of the four habitual seizures exhibited an EEG attenuation pattern that lasted for 3 seconds, and preceded onset of the clinical seizure by 7-20 seconds (as evidenced by symptoms such as eye deviation and stare). The attenuation pattern involved all leads placed in the ipsilateral hemisphere. In one of the seizures, onset in the lateral parietal lobe was not suppressed during the period of EEG attenuation, and showed beta buzzing, sharply-contoured activities, and slow waves. Excision of the cortex over the porencephalic cyst and surrounding brain was performed. Histological examination revealed gliosis. This patient has been seizure free since surgery (Class I). Case 4: A 38-year-old man had a history of complex partial seizures since the age of 15 years. His habitual seizures included symptoms of motionless stare, oral automatism, and loss of consciousness. This patient had lost his fingers as a result of a burn injury, which he sustained during a complex partial seizure. T 2 -weighted MR imaging revealed an extremely hypointense lesion suggesting hemosiderin deposits in the left mesial parietal lobe (Fig. 3) . Video/EEG monitoring with scalp electrodes revealed interictal spikes in the bilateral temporal lobes, but the seizure onset was not identified because of artifacts caused by masticatory movements of the mouth. No attenuation pattern was observed.
He underwent implantation of subdural electrodes covering the left parietal and bilateral mesial temporal lobes. His seizures began in the left mesial parietal lobe and spread over the ipsilateral temporal lobe within 10 seconds (Fig. 4 ). An attenuation pattern was observed in the left mesial parietal grids during all four of the seizures captured during the phase II study. This attenuation pattern preceded seizure onset by 10 seconds, lasted until the seizure spread to the ipsilateral temporal lobe, and coincided with a period of motionlessness. The duration of the flattening of the EEG was shortest in the seizure onset zone. Continuous spike discharges followed the diffuse flattening of the EEG. Approximately 10 seconds after seizure onset in the left parietal lobe, seizure activities spread to the contralateral temporal lobe. Automatism began after seizure spread to the temporal lobe. A left parietal vascular lesion associated with a thrombosed arteriovenous malformation and the surrounding cortex were removed, which immediately reduced the frequency of seizures suffered by the patient (Class II), but later deteriorated to Class III. MR imaging performed 4 years postoperatively revealed a hyperintense lesion around the resected area (FLAIR images) and right hippocampal atrophy.
Results

I. Seizure outcome
The follow-up period ranged from 2 years to 10 years (mean 6.3 years). Three patients became seizure-free, one patient experienced Class II changes, one patient experienced Class III changes, and one patient experienced Class II changes in the first postoperative year, then deteriorating to Class III.
II. Clinical seizure patterns
Asymmetrical generalized tonic-clonic seizures were seen in all patients. Seizures including motionless stare followed by eye deviation and head turn were observed in four patients (Cases 2, 4, 5, and 6). Case 4 predominantly exhibited symptoms mimicking temporal lobe epilepsy, such as motionless stare, oral automatism, and autonomic symptoms. Three patients had clinical symptoms originating from the rolandic cortices, such as sensory disturbance and involuntary movement of the extremities (Cases 1, 3, and 6). The seizures of Case 3, who experienced symptoms such as eye deviation, head turn, and facial grimace, were also similar to seizures of frontal lobe origin. 14, 17) Sudden tonic posturing of this patient suggested involvement of the supplementary motor area. 13) No symptoms arising from the parietal lobe proper were observed.
III. Scalp EEG
The lesions could not be localized in all patients with continuous video/scalp EEG recordings because of electromyographic (EMG) artifacts, but lateralization was obtained in five of the six patients. One patient exhibited solitary spike discharges in the right central electrode, and one patient showed bilateral temporal spikes, but EMG artifacts obscured the ictal onset pattern. Diffuse electrodecremental patterns were only observed with any frequency in Case 3.
IV. Subdural electrode recordings
Intracranial EEG recording detected seizure onset patterns including spikes, spike waves, polyspike waves, sharp waves, and sharply contoured activi- ties. 2) Three of the six patients with seizures of parietal lobe origin exhibited an attenuation pattern just prior to seizure onset or in the early part of a complex partial seizure. Case 3, who did not exhibit an attenuation pattern in association with seizure in scalp EEG, exhibited attenuation patterns in intracranial electrode recordings. In Case 1, the seizure onset was in the left parietal lobe, whereas the symptoms originated in the left frontal and parietal lobes. In Case 2, the seizure onset was in the left parietal lobe, whereas the symptoms were produced after involvement of the ipsilateral temporal lobe. In Case 3, the seizure onset was in the right parietal lobe, whereas the symptoms originated in the right frontal and parietal lobes. In Case 4, the seizure onset was in the left parietal lobe and the symptoms occurred when seizure activity spread to the contralateral temporal lobe. In Case 5, the seizure onset was in the right parietal lobe and the symptoms began after spreading to the right frontal and temporal lobes. In Case 6, the seizure onset was in the right parietal lobe and the symptoms originated from the right frontal and parietal lobes. These results are summarized in Table 1 .
Schematic representations of the lesions and spread of seizure activities to the lobes are shown in Fig. 5 .
Seizure onset zones were always within the area of attenuation. Seizures with preceding attenuation patterns were associated with non-uniform EEG waveforms. Some seizures began with low-voltage beta activity and flattening of the EEG in the surrounding brain, whereas others started with localized rhythmic spike discharges. All seizure activities began within the parietal lobe harboring the lesion and, in most cases, spread immediately to the adjacent lobes.
Discussion
The seizures were controlled fairly well by cortical excision and lesionectomy within the parietal lobe in all six patients, regardless of the direction of spread of seizure activities and clinical symptoms. These results are consistent with previous findings. 18) Most seizures were confirmed to be of parietal lobe origin. Encephalomalacia had involved the ipsilateral frontal lobe and part of the residual seizures would be of frontal lobe origin in Case 3. MR imaging taken 4 years postoperatively revealed right hippocampal atrophy in Case 4, suggesting a secondary focus of the seizure. Clinical seizures began after spread of epileptiform activity to the temporal lobe (Cases 2, 4, and 5) or to the frontal lobe (Case 3).
No symptoms originated from the parietal lobe proper except for abnormal sensations. Eye deviation and head turn were the most common symptoms, suggesting involvement of the frontal lobe (dorsolateral frontal), 17) supplementary motor area, and occipital lobe. 19) A review of 82 patients found that most exhibited motor phenomena including head deviation, posturing, or focal clonic activity. 16) In Case 2, the ictal symptoms appear to have occurred after activation of the temporal lobe. The clinical symptoms were the same whether seizure activities began in the mesial parietal or dorsolateral parietal lobe. In Case 4, the clinical symptoms began after involvement of the contralateral temporal lobe. Therefore, the parietal lobe appears to be an epileptogenic zone rather than a symptomatogenic zone. Ictal spread to the frontal, supplementary motor area or temporo-limbic areas were often observed. 16) Three of our six patients with seizures of parietal lobe origin exhibited an attenuation pattern just prior to seizure onset or in the early part of a complex partial seizure. Attenuation patterns represent the most common EEG expression of infantile spasms occurring in West syndrome. 10, 11) Diffuse flattening of scalp EEGs may represent generalized seizure, possibly of brainstem origin. 5) Thirty-nine patients had diffuse electrodecremental ictal patterns on scalp EEGs in addition to seizures of diffuse cortical and brainstem origin. 1) Seven of these Parietal Lobe Epilepsy and Seizure Spread patients underwent placement of subdural electrodes, which observed high-frequency ictal discharges originating in a single frontal lobe. Low-voltage, high-frequency discharges were detected over all implanted electrodes for 1-2 seconds, followed by rhythmical 10-to 25-Hz spikes over a variable number of electrodes placed over the frontal and temporal regions at the start of all seizures.
Attenuation patterns (i.e., suppression of EEG activity) could be produced by cortical stimulation in certain specific motor areas. 15) Suppressor effects were most commonly seen in the periamygdaloid anterior temporal region and the supplementary motor area. Scattered suppressor responses were also seen in the lateral surface of the intermediate frontal region and scattered points in the parietal and occipital regions. If seizure activities involve these regions, flattening of the EEG may occur. 7) The ictal pattern of neocortical epilepsy was localized to 2-9 subdural electrodes, and was characterized by very low-voltage and high-frequency rhythmic activity, which was considered to be an attenuation pattern. 9) A slow-rising negative direct current (DC) potential was seen in a more restricted area and occurred 1-10 seconds before the initial ictal EEG discharges in two of three patients. These findings are quite similar to our results. The point of the DC shift might be related to the origin of flattened EEG activity. The arousal response, which originates from the thalamus and then spreads to the cortex, may be another cause of the flattening of EEG activity that occurs prior to a seizure. 14) Flattening of EEG activity preceded clinical seizure onset, but did not localize the seizure onset zone.
T. Akimura et al. This article confirms that seizures frequently spread to different areas of the brain producing very diverse symptomatology. The parietal lobe is a highly convergent cortical region and a major network relay for the integration of pathways between the frontal, temporal and occipital lobes. Focal seizures arising from the parietal lobe constitute 5% to 7% of focal epilepsies in both lesional and non-lesional series. They may present with positive phenomena of a tingling and`f eeling of electricity'' which can be confined to a specific region, or may evolve in a jacksonian manner. There may be a desire to move a part of the body, or a sensation as if a segment was being moved. The areas most commonly involved are those with the largest cortical representation such as the hand, arm or face. Occasionally an intra-abdominal sensation of sinking, choking or nausea may occur. Formed visual hallucinations are common with visual distortions and elongations (metamorphopsia). Negative phenomena include numbness, feeling that a body part is absent and a loss of awareness of a part or half of the body (asomatognosia). Seizures in the dominant parietal lobe result in a variety of receptive or conductive language disturbances. Similar to occipital lobe onset, partial parietal lobe seizures manifest loss of awareness and automatisms when they spread and involve the temporal lobe; or tonic posturing, often bilateral and asymmetric when they propagate to the frontal region. This varied symptomatology has been previously reported in non-lesional cases, and no significant differences are shown in the present study of lesional parietal lobe epilepsy.
This study addresses the fact that the evaluation of parietal lobe seizures is challenging. The scalp EEG is often poorly localizing or even mislocalizing. Generalized or lateralized ictal patterns are the most common and less than 15% of the seizures are well localized on surface recordings. Not infrequently interictal epileptiform discharges are multiregional suggesting involvement of cortical areas distant from the epileptogenic zone. The ictal patterns depend on the pathway of propagation and may erroneously suggest an extraparietal lobe origin, such as the frontal or temporal lobes. Also, partial seizures of parietal lobe origin not associated with loss of awareness frequently lack EEG correlates.
The outcome of postoperative patients is related to the complete resection of the epileptogenic zone. The possibility of dual pathology could explain the poor outcome in seizure control in patients with parietal lobe seizures (by EEG and semiology) and atrophy in the mesial temporal structures on imaging studies. These patients eventually need invasive recordings to decide if the seizures arise from the parietal lobe or from the mesial temporal region. Ictal SPECT and PET studies can also be helpful in such cases.
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